Summary. Twelve 5-month-old Hereford \m=x\Friesian heifers were injected i.v. with 2\ m=. \ 0 \g=m\g GnRH at 2-h intervals for 72 h. Blood samples were collected at 15-min intervals from 24 h before the start until 8 h after the end of the GnRH treatment period. Over the 24-h pretreatment period, mean LH concentrations ranged from 0\m=.\4to 2\m=.\2 ng/ml and FSH concentrations from 14\m=.\1 to 157\m=.\4ng/ml; LH episodes (2\p=n-\6episodes/24 h) were evident in all animals. Each injection of GnRH resulted in a distinct episode-like response in LH, but not FSH. Mean LH, but not FSH, concentrations were significantly increased by GnRH treatment. The GnRH-induced LH episodes were of greater magnitude than naturally-occurring episodes (mean maximum concentration 6\m=.\7 \ m=+-\ 0\m=.\5and 4\m=.\9 \ m=+-\ 0\m=.\6 ng/ml respectively). Preovulatory LH surges occurred between 17\m=.\0and 58\m=.\8h after the start of treatment in 9/12 heifers, with a coincident FSH surge in 8 of these animals. This was not followed by normal luteal function. There were no apparent correlations between pretreatment hormone concentrations, and either the pituitary response to GnRH or the occurrence of preovulatory gonadotrophin release.
Introduction
In the naturally-cyclic ewe and cow, the final stages of maturation of preovulatory follicles are associated with a period of high-frequency episodic LH release (Baird, 1978; Rahe, Owens, Fleeger, Newton & Harms, 1980) . In contrast, LH episodes occur infrequently during periods of ovarian inactivity, for example, seasonal or post-partum anoestrus (Yuthasastrakosol, Palmer & Howland, 1977; Lamming, Wathes & Peters, 1981) . Similarly, LH episodes occur infrequently during the prepubertal period in both species, and puberty occurs only after the frequency characteristic of the follicular phase of the oestrous cycle is attained (Ryan & Foster, 1980; Schams, Schallenberger, Gombe & Karg, 1981 ; Day et ai, 1984; McLeod, Haresign, Peters & Lamming, 1984) . In contrast, FSH concentrations in the prepubertal heifer, with the exception of the absence of preovulatory surges, do not differ markedly from those recorded during the oestrous cycle of the adult animal (Akbar, Reichert, Dunn, Kaltenbach & Niswender, 1974) .
Repeated administration of LH or GnRH to increase LH episode frequency will restore normal ovarian cycles in the post-partum acyclic cow (Riley, Peters & Lamming, 1981 ; Walters et ai, 1982) and the seasonally anoestrous ewe (McLeod, Haresign & Lamming, 1982a, b ;  McNeilly, O'Connell & Baird, 1982) . This treatment stimulates follicle growth and oestradiol production, and eventually results in preovulatory gonadotrophin surges and ovulation. Injections of low doses of GnRH have also been reported to induce episode-like release of LH in prepubertal heifers as young as 4 months of age (McLeod et ai, 1984) , but in that trial the duration of GnRH treatment was much less than that necessary to induce ovulation in mature cows (Riley et ai, 1981 (1977) . The limit of sensitivity of the assay within this study was 0-4 ng NIH-LH-B9 equiv./ml plasma, and the inter-and intra-assay coefficients of variation were 11-9% (n = 12) and 6-3% (n = 50) respectively. FSH. Blood samples were assayed for FSH by the specific heterologous radioimmunoassay of Webb, Lamming, Haynes & Foxcroft (1980) . Within this study the limit of sensitivity of the assay was 9-7 ng NIH-FSH-B1 equiv./ml plasma, and the inter-and intra-assay coefficients of variation were 12-8% (n = 12) and 8-2% (n = 50) respectively. Progesterone. Plasma progesterone concentrations were determined by the specific radioim¬ munoassay method previously described (Webb et ai, 1977) . The limit of sensitivity within this study was 0-2 ng/ml, the inter-and intra-assay coefficients of variation were 12-3% (n = 8) and 6-4% (n = 50) respectively, and the mean extraction efficiency was 74-8%.
Analysis of data
An LH episode was defined by the criteria previously described by McLeod et ai ( 1982a), i.e. (i) an increase of at least 50% above the preceding baseline value, (ii) at least 2 points between the peak value and the succeeding trough or baseline, and (iii) a rate of decline in concentrations after the peak no greater than that allowed by the known half-life of the hormone. The definition used to characterize a preovulatory surge was (i) that there was a sustained (>5 h) elevation in LH concentrations above 40 ng/ml and (ii) that the peak concentration attained during this time exceeded 10 ng/ml. The onset of this peak was defined as that time when the concentration first reached 4-0 ng/ml.
Normal luteal function was defined as a sustained elevation in plasma progesterone concentrations of > 10 ng/ml for at least 10 days, starting within 5 days of the preovulatory LH surge. During the 24-h pretreatment period, mean plasma LH concentrations in individual heifers ranged from 0-4 to 2-5 ng/ml (Table 1) . LH episodes were evident in all animals and occurred with a frequency of 2-6 episodes/24 h. Mean basal LH concentrations (excluding episodic secretion) ranged from 0-4 to 2-3 ng/ml plasma.
In 10/12 heifers, each GnRH injection induced an episode-like release of LH, at least until the onset of a preovulatory LH surge (see Text- fig. 1 ). In the remaining 2 animals (Heifers 1 and 3), LH episodes occurred in response to most, but not all, injections of GnRH. The mean maximum concentration of GnRH-induced LH episodes (6-7 ± 0-5 ng/ml) was significantly greater (P < 001) than that of naturally-occurring episodes (4-9 ± 0-6 ng/ml) recorded during the pretreatment period. Furthermore, overall mean LH concentrations over the period extending from the start of GnRH treatment until the onset of the preovulatory LH surge, were significantly greater (P < 0-001) than mean pretreatment concentrations (3-0 ± 0-3 ng/ml and 1-4 ± 0-2 ng/ml respectively).
Preovulatory LH surges were recorded in 9/12 heifers and occurred at a mean time of 41 ·2 ± 4-3 Table 2 ), and the duration of the preovulatory surge from 5-3 to 10-5 h. Pretreatment mean FSH concentrations ranged from 14-1 to 157-4 ng/ml plasma in individual animals with a mean value of 64-1 + 15-5 ng/ml (Table 1) . Although FSH levels remained fig. 1 ). The mean FSH concentrations (excluding preovulatory surges) of individual animals throughout the period of GnRH treatment ranged from 11 -4 to 144-2 ng/ml, giving an overall mean value of 49-2 ±11-2 ng/ml (see Table 2 ). Text-fig. lb ).
There were no significant differences in mean liveweight, pretreatment gonadotrophin concentrations, or in the immediate response to repeated injections of GnRH, between those animals that subsequently produced preovulatory gonadotrophin surges and those that did not.
Progesterone concentrations
Plasma progesterone concentrations were low (mean ± s.e.m., 0-3 ± 0-1 ng/ml) in all heifers before GnRH treatment. In 3 animals (Heifers 2,6 & 9) progesterone concentrations rose above 1 -0 ng/ml 4 or 5 days after the preovulatory gonadotrophin surge but returned to basal levels 1 or 2 days later, indicative of transient luteal activity. In all other animals progesterone concentrations remained low (0-3 + 01 ng/ml) throughout the sampling period. Discussion A characteristic of tonic LH secretion in the prepubertal heifer is the low frequency with which LH episodes occur. The pattern of LH secretion, recorded over the 24 h preceding the GnRH treatment period, was similar to that reported previously for heifers of this age (McLeod et ai, 1984) . The LH episode frequency (mean rate 4-2 ± 0-4 episodes/24 h) was similar to that reported earlier for the acyclic post-partum cow (Riley et ai, 1981) , but the mean baseline concentrations of LH (excluding episodes) were markedly higher. Similarly, FSH concentrations (mean 64-1 ± 15-5 ng/ml, range 14-1 to 157-4 ng/ml) in these heifers over the pretreatment period, were in agreement with earlier reports for the prepubertal animal (González-Padilla, Wiltbank & Niswender, 1975a; Schams et ai, 1981; McLeod et ai, 1984) .
In this study, a frequency of episodic LH secretion comparable to that occurring during the follicular phase of the oestrous cycle was imposed on 5-month-old heifers by repeated injections of 2 µg GnRH. Previous studies (McLeod et ai, 1984) had indicated that this was the minimum dose level required to ensure a consistent LH response to all GnRH injections in heifers of similar ages and weights. Furthermore, work in the seasonally anoestrous ewe has shown that an 8-fold difference in the dose of GnRH has little effect on the size of the induced LH episodes, or on the efficacy of repeated injections of GnRH to induce ovulation (McLeod et ai, 1982b) . In some animals in this study, the maximum LH concentration recorded decreased with successive injections of GnRH (see Text-fig. lc Staigmiller, Short & Bellows (1979) and Schillo, Dierschke & Hauser (1983) reported that the positive feedback mechanism in heifers becomes functional between 3 and 5 months of age. The occurrence of preovulatory gonadotrophin surges in only a proportion (9/12) of 5-month-old heifers treated with GnRH may therefore reflect differences between individual animals in the maturity of this component of hypothalamo-pituitary activity. These workers also reported that when LH release was induced in 5-month-old heifers by a standard dose of oestradiol, the magnitude of the LH surge varied greatly, indicative of considerable between-animal variation in the sensitivity of the hypothalamo-pituitary axis. Similarly, in the current study the magnitude of the preovulatory LH surges varied widely (maximum concentration 12-4-193-7 ng/ml). There was however, no apparent relationship between the amplitude of the episodic response to GnRH and the timing, magnitude or incidence of preovulatory surges. Such variation, therefore, may merely reflect differences in the ovarian response, and thus in plasma oestradiol concentrations, between animals. Indeed, it is not clear from these results whether the preovulatory LH/FSH surges were produced as a result of the direct effects of GnRH injections, or of the positive feedback effects of oestradiol from follicles induced to grow by the GnRH-induced increase in LH episode frequency. However, data from seasonally anoestrous ewes subjected to a similar treatment regimen clearly indicate that the preovulatory surge was due to the positive feedback effects of high levels of oestradiol (Li & Wagner, 1983) .
In all 7 animals in which the blood sampling period continued for long enough, a 2nd rise of FSH was recorded about 24 h after the preovulatory LH/FSH surge, producing a pattern of release similar to that seen in the naturally-cyclic adult animal (Dobson, 1978) . This 2nd FSH rise may be due to the escape of the hypothalamo-pituitary axis from the feedback effects of follicular secretions at the time of ovulation.
The absence of normal luteal function in this trial does not necessarily preclude the occurrence of ovulation in these animals, as a proportion of GnRH-induced ovulations in similarly-treated seasonally anoestrous ewes produce abnormal corpora lutea, unless the animals are pretreated with progesterone (McLeod et ai, 1982b) . In addition, González-Padilla, Wiltbank & Niswender (1975b) demonstrated that progesterone pretreatment was required to produce normal corpora lutea in heifers in which ovulation was induced by injection of oestradiol. However, it has yet to be determined whether the GnRH treatment used in the present study induces ovulation in the prepubertal heifer, and, if so, whether progesterone pretreatment influences the functional competence of the resultant corpora lutea.
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